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Prelace 


the oriploal propesal For this study was tiade vy tay 
thesis advisor, br. Theodore Luke, as a tollow-on to a 
previous ALE thesis. That thesis centered on the 
theoreti teal diftrauction elLLicteney of a ew spatial Light 
mudulacor Kuowil as the PRLZ. The PRIZ esahibits many witque 
Gaupabilroies, Oba beany dynanbic image seleetion., vr. Luke 
suggested an Lavestipation into chis phenomenon, 

This Lovestlpaclon required the construction und 
avalysis of a woditied cucrent-conducting PRIZ, a task 
whieh, as Far as published reports ludicate, had not been 
accvinplisnhed Gubside of the Soviet Union. 

Lo would Like tu chank Dr. Luke Lor the proposal and for 
iis Luterest and ussisctance throughout the project. lr. 
GCuclis Atuipp provided catensive assistance in all areas of 
wy cCaperimentatlon. His rnowledege, strong back, triendship, 
ahd patience enabled te Co accomplish wy research. 

Ny final and most fervent thanks poes to my wife and 
children toc theic strony support duriag my AFL tour. The 
sapport and Love ot my tamiuly has always been my key to 
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Dunean tt. Shields 
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detstty and caetygy Levels of tae traps and duiors (21:24). 


fie wavelength dapendcut mature oi seveval imatevial 
ponies wt. HSU, Sweh wa lin abeorptiou Cael eetenmt. aiid 
Htulitieeo ebb ietency, ace €¢iti¢enl Co lhe operation of “the 
Philo devices. A writlesin bea thn the blue-yreen region 
lndaves barge pootorebraciive Changes wiile a readout beat 
hit the ved Causes C dinpottatlaively Llitele phoCorvebrachive 
Sides This Capabrlity. avthine’s the PRiZ's use as: alour 
element aud beads to the orxperimental geometries duscritved 
later. Detatls oul the Gispersive tature of the absorprion 
Cortbicrent, quentem elficteuncy, index of relvuctiun, aad 


plisel actavity are shown iu Prperes 4 through 7. 
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Band 22D 


Fiz. $.  Eneryy band Uiapram of Bisiuch Silicon Oxide 
at Koom Temperature (23:3084) 
the coergy band diagram of BSO contains important 

baiornation on the charge traneporct mechanism cf BSO and its 
\e 

Pelition to the photorerructive effect. Figure 3 is a 

dlawran of the band strueture. The iatrinsic bandgap of the 

Wiaceriakd is $3.25 ev. The primary donor level is located at 

Pa bi vv , 1. ‘ yee owe > ees sere SE . +j f 19 var 

2.00 ev below the conduction band at a density of 10 ch 
and is asseciuted with a silicon vaciney. The trap levels 
Liat participate ba the charge transfer precess are lumines- 
eenee centers Locuted at 2.25 or 1.30 ev, depending oa 
Wiiecuer of mot the center is electron occupied. These traps 


have a densily of rgle 


cw? 9, A shallow trap at O.6 uv 
finct tay partacipate a the reductiou of the eifective 
wouLLity of phoceelect runs as been identified with a dens1- 


*s ‘ io ee x 5 
ty ot pybo roared) 3, thes Measurcments dre tiade on nominally 


pare BOO, su is classitied as a semi-insulator due te the 


10 


2 
, 
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Wavelength, are upon minvalbion, cetcappeu at other 
locations Leaving bebind positive or nepative 
eNarpes OF ionleed trap centres. The photo- 
eacited Cuarsves will oe reeacited and retrapped 
until they rinalby dritte oue of tne illuminated 
Ver tou ail are trapped. The resulting spuce- 
charye Preld between Che tomized door ceutres and 
(Ne Crapped charges uiodulates the refractive 
bndtees via the electro-optic effect. Unitorm 
Lllumiaation eruses the space-churpe Cilelds and 
Brisvges the erystal vack tu bts oripiaul stute 
(uptieal erasure) (l4:206). 


A ouuillady ub some important waterial characteristics cf bSO 


are Shown in ‘Tarte ob. 


Labbe fT. Physical Parameters of bso at Room Tetperucuce 


Parameter Value Unit Ket. 

Puolnl Group Syimuelkry 23 -~--- a 
he Vonductivity 20 x 197! chat lem! u,d 

Vielecstriec Voustant 50 <n a,c 

Vvausmisslon Range U.45 - 7.5 pu ad 

iS4udproap 3.25 ev a,b 

bleelroGptic Covffielent 5 x 197t0 cu/V a,b 

biectron tonility 0.03 em /V-s c,d 

absurplboun Covtfictrent Fiyuce 4 cu! 

Guantua eflieieney Figure 95 % 

Ludes of Retraccion Fiesure oo ~-- 

Oplieal Activity Fiyure 7 dex /mm 
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Mie. 2. Modilied Curcrent~Conducting PRIZ Structure 


the 23 cubie sytmwetry puiul group (2:493). B50 is a para- 
electric eluctroopric photeconductive mucertal with igh 
repistivicy., bSO ib also optically active. The cowbinatisn 
ot the Linear eleenrocptic effect, the photucvinductivity, 
aud the bigvh dark resistivity results in the photorefractive 
ertect., bhotorerraction is Lipht induced changes in the 
relractlive indices (13:470). A cupsule version of the pho- 
borelvtactive ettect and its gveneral mechanism was stated by 
Gubler: 

‘Vne Lipht-iadaced changes of refractive indices 

ja electvoruptic erystals are bused on the spatial 

bodadiet tiem of photocurrents by non untcrora Lllum- 

ination, Yhe veneration of photocurrents at low 

livhe iutensity depends on the presence of 

suitauole donors, because mose of the crystals of 

Louterest are daherestlhy transparent in the visi- 


ple. Vhe electrons or holes, which are excited 
from the iwpurity centres by Light of a suitable 


No 
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Tl, Background and Theory 


Current-Conducting PRIZ Seruecure 
The structure ot the dynamic image selection PRIZ used 
ror ittaye prucessiny is shown in Figure 2. The device is 
cous rueted of a thin (0.3 vo 1 mm) slice ot single crystal 
pSO. ‘The Lucpe feees of the crystal correspond to the (111) 
or (E10) ecystal planes (filler indices). A similar device, 
the Pockels Readout Optical tlodulator (PRKOM), utilizes Che 
(luQ) cut in its construction (12:4216). For the current- 
conducting PREZ, transparent wetal electrodes of platinum or 
indium oxide (inO») are evaporated directly on the large 
Fucus of the erystal (25:1602,168). ‘Typical crystal size 


reperted tor Soviet devices perinitced an active area of 15 tin 


it diameter at A/4 Flatness with a 30 mm diameter active 


avea at TA tlatness available (11:3848). The thickness of * 

the electrodes is controlled te provide high conductivity } 

and optical transmissivity. In operation, a constant volt- : 

age of | to 2 KV is applied between the electrodes. The 
y, 

amount of curredde conducted through the device during opeca- 

tion is dependent on the dark resistivity and photoconduc- . 

Eivity ob theater ial. 

p50 Naterlal Parameters 

BL) yS109y (psu, is a sillenite cowpound that is “ 
erowu in Single crystal boules by tne Czochralski technique. : 
Yhe erystals eanibit a zineblende stcucture und belony to - 


- 
/ 


theory of the dynamic image Selection effect. 


fuvestipacied Cf the material parameters, device con- 
plruction, device performance, and otMer observations are 
covered in Chapter Ll. 

Chapter L¥ contains a subtary of the experimental 
ekrort and recouwendatteas Cor research into the material 
Chava blerbstles, Gevice perloruaice, and theereticul models 


useiul in turtties development of the device. 


Q- 


tne problew Tormulated py this thesis was approached in 
Live pluses. ‘The dynamic ituye selection veriticatien ap- 
parates Was Geoeened, assembled, und cested first. 

Seevnd, Lhe equipuwent and techaiques necessary CoO Cun- 
etruct the current-coadecct lig, PRIZ were assembled gad test- 
ed. Lie tasks olf this ptiuse consisted of renovating and 
Lestiny a vacuuli apparatus, developing und testiny a chrom- 
Liha depos itloa lechuique, aad developing and testing a 
mounting procedure for Che chrowiui plated BSO crystal. 

‘Lhe third phase consisted of the actual electrode 
deposition and mounting of the plated BSO crystal. 

Yue tourth phase anvolved tne verification o£ the dy- 
Hawho Litaye scehection elYect aud modification of che experi- 
mental apparatus to control aud record the effect. 

The Linal phase of the experiwental investipation 
Lavelved design aid use of techniques to investipate che 
wutevbal characteristics of BbSO and the performance of the 


carbent-couducting PREZ device. 


rire need ie came ay Me ig arora are sme) 2) 


Bick ground and theory necessary for a good prasy OL 
device operation is presented in Chapter [Ll. Yhis intorua- 
LhOh Conmpioets of the structure of the ecurrent-conducling, 
PRIZ, 4 suintiary Ch Laporcenat BSO waterial parameters, the 


theory of the transverse electrooptic elfeet, and the Soviet 


Oo Ses Bi 


att a 


coustructed as closely as posoible to the published Soviec 
specifications te pecwit valid comparison of device pecflour- 
mance (272249). 

‘the third seetien deseribes the design and coustraction 
ot an Optiedl test apparatus to verry the dytainic imape 
selection etteet, and the verification of that eftect. A 
modibLication of the apparatus used at CilU for elrect demon- 
ulration was used in this study (11;3852) The experimencal 
apparatus evolved over the cuvuurse of the experiment and only 
the fiaadl confivguralion is shown in this chesis. 


The Lourta section investipates two interesting device 


Capabblities; spatial filtering and optical memory. The 


pertortmance of the in-Nouse Current-conuducting PRIZ For 
Lhwse parameters 18 compared Co the reported performance of 
the Soviet devices. 

The fifth section reports two interesting, phenomenon 
encouncered during the experiment.) etfort. Laser-induced 
daiaye to the bSu erystals was encountered on two occasions. 
Ihe constructed PREZ device also exhibited Light: and current 
oselllations of varying cates depending on the time, write- 
livot latensity, aud freld voltage. These phenomenon were 
AOL GQuelvecd, but Were ceported Lo provide a wore complete 
pleture of Che expertmental elfoct and to identify these 
veccurrences Lor Fulure investipators. 

The Last section summarties Che experimental effort and 


buypests additional avenues tor experimental and theoretreal 


Unbon, 
rrob bet 

The purposes of this study were Co inveslipuce the 
biaterdial churgelerbstics ot BSO supplied by an Awerican 
Woupaty, Colsceeet a curceat-cunducting PRIZ, desiga an 
eaperiment Chat could verify the phenomenon of dynamic lmaye 
sebection and auvestigace the perfermance of an in-huuse 


VLE. 


Scope 
Tnis study 1s divided into sis sections. The first 
seciton involves the investigation of four tiaterial 
Ulialaclerist les: 
optical uctivity 
index of refraction 
absorption coelticient 


conduetivi ty 


ihe experlivents were designed and conducted to investigate 


tne waveleugtu dependent ualure of the first three charac- 


Luristies and Cowpare Chem to published results. The lase 
Characlkeristic, conductivity, was investipyated to obtain 

dala ou the current versus voltape cesponse of the purchased 
BIO material. ‘this information wus also compared to publisnes 
results. ALL published bSO material investizations 

tebercenced in tiis thesis were conducted by American 
researchers, ‘the Soviet literature ceviewed references only 
Aoerican studies when they list a material parameter. 

Yoe second section deseribes the actual design and 


Construction of a current-conducting PRIZ. ‘Yoe device was 


Prausparent Toarsparccuc 


Electrode (a man -— Bhlectrode 


Crystal 
It (OL3-7 mm 


t —— thick} 


aon Pary Lene ; 
Layer . 
2-5 um chick) 


1-2 KVDC Power Supply 


Figure 1. PRIZ Configuration 


imal teG ekrect €24:790). ‘This device has dewonstrated 10 


Limes preater resvlutton and effieiency thaa concurrently 


reled FROEL devices (12:4220). F 


Tne PRLZ (in uw specitic conliguration) also exhibits an 


elfect, Similar to time difrerentiation of an image, that : 


” the Soviets have Llaveled "dynamic imaye selection" (30:165). 


, ‘the device rejects the constaat of nunvarying parts of an 


lidaeve and modulates the readout beam with the time varying 


parts of the tiaye. The specific (cucrent-conducting) con- 


fivurcation of the PREZ that exhioits dynamic image selection 


Lo LTdentical tu iyuce Toecaxcepr chat the parylene layers . 


tiave beem Lemoved. 


Yoo dynamite image selcetion phenomenon was initially 


reported tn Cie Soviet Literature and Later demonstrated 


Caurneyresheblon University (CMU) 


Loins Soviet devices al 


- (l1:3651). To date, there are no Lorial ceports available 


Vevilyiny this eftect with devices made outside the Soviet 


i) 


CONSTRUCTION AND AWALYS LS OF A PREZ SPATLAL LIGH'L 


MODULATOR bathiBltlLNG bYwWAMLC LiAGE SeLRCrlLon 


I. [ntroduction 


Optical data processing architectures Operate by mod- 
rbyloy data over a Z-dimensional plane in real-time. The 
mathematical techniques ror this type of optical parallel 
processing, date From the 19th century, while the specific 


architectures have been extensively developed over the pasc 


2O yeavs (18:10). The Limiting fuetor in the development of 


vptleal data processing (OLP) is the cechnoloyy of the inpuc, 


output, and processing transducers. These optical elements 
mast be able to spatially modulate u 2-dimeusivunal oprical 
Sield in real time. 

Gne highly promising spatial Light modulator (SLI!) 
deuviee is kuowt as the PRIZ, a Russian acronym Loc Preobra- 
sovatel [zovracheniya, Meaning Luwage Transducer (11:3846). 
The PREZ is similar to the well-known Pockels Readout Opci- 
cal Mogulator (PRO) ss it is cut from Bismutn Silicon Onide 
(BSU) und uses the electrooptic (b-0) etfect to spatially 
Phase wmodulate a readout beam. The PRIZ, Like the PROM, is 
constructed ino a layered EFushion (25:lo2-163).  Fixure 1 
illustrates the structure of the PRIZ. The PRIZ, however, is 
eut ino a different, (110) or (111) instead of (100), erystal 


divection, and utilizes tne transverse rather than Longitud- 


wy 


o 


rie. 9. Lludex tblipsotd Kkepresencation ot Plane Wave 
pohutions in (111) PREZ ¢31) 

hitben @bfeec ot the device upon an incident cead beaa. 
riyure O stows the cvordinace system used For the (111) 
eryotal orientation. is" Vepresents a generalized internal 
elect@ibe pileld (trausverce uid longitudinal components) 
while oe, to Che projection of the internal tield on che 
plane neoriaial to the propagation direction. Y is the angle 
ol the bLatertial Craasvecsse Paid wire the x)' axis oc 
Clld) evystullopraphic direction. One of the Linportant 
uspeucts of PRig operation ts that the modulation effece is 
due only tu the transvecse Lrelds. the face thac the Lonyt- 
tudinal field (xy! direellon) tas no intiluence on the 
eigenvectors ofr eipenvalues of the plane wave solutions 
permits « 2editenstongl goeotmetrore solutioa (in the form of 
the iades ollipscid) to be used for solution. The cross 


eeciion of the iludex eblipsotd normal to the direct rom ot 


propagation Ls showh in Piyure 9, The major (bly and miner 


PAG RC eg, Oe ee Maas 


(vi ly uxes of the cross section correspond to the cizenvec- 
tors While the Lengths of Che anes, ne and nit, correspoud 
to che elpenvalaes. # is tile retacion angle of tue eipen- 
Vets: Litany Cie ey unico due Co chee orientation of Che 
luteriadl traasvevoe electote Lileld ms Le has been 


wluwis (24:790) Chat Cue celutiousnip between che two angles 


‘or a 


dete thet Che wagniteude of the internal tleld hus no etrece 
en the ortentation ot the index ellipsoid. 

Also of priiwary lnuterest is the phase ditfercace 
between the cigensolucions atter propagation through the 


ey 


ecysteal, The phase ailference is, 


Petr PRC iene ce 


_ 


Vie He'd term is actually the inteyrated effect cf the 
transverse electric tield tirough the volume of the crystal. 


ft should be veplaced by, 
rd 
arene 
0 


a 


‘Lie hori of By '(x3') 2s auite complex and based on 
livhe absorption and charge Cvansport within the cryscal 
(4:09). A qualitative deseciption of the process is pre- 


sented in the nert section. 


honilave 
rlheetrode 
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tiv. IW. Cross-Sectional View cf electric Fields and Space 
Chatye in the Current-Conducting FRIZ (10:193) 


DyNatie Thheaye Seleet bon 

Law The dynamle imaye selection feature ot the PKIZ device 
was Veported in tne Soviet Union in 1980 (30:3105) and latec 
Veribied by Casasent in 1981 using Soviet devices (12:3851). 
has oeclion Coutains phenomenolopical deseriplions, via the 
wowlel Literature, of the establishaear of the intecnal 
Liveldds in bae current-conducciing PREZ based of @ band trans- 
port moded., Also ineluded ave the reported pecrorinanee of 
wovbet devices Whth ceygard €o tine and tuput sbatial fre- 
queney, aad the viol mintfeos ation ot the dynamie image 
ow Lection elfteer. 

The energy band diagram tor BoO was described in 
Chapter Cf, and the accompaunytoy deayrau, Paiyare 3, may be 
® helpial in the Collowing discussion. tiryere 10 illustrates 


the establishment of the bLuternal frelds im a cross- 
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seelloual view ci the current-conductlny PRIZ. 

The bnternal fields are established by a superpositicn 
vi Lwo esitauisus., First, the longitudinal tieid is im- 
pressed an suoWwu ca Pipgure 2 by tae application of a DC 
voltaye between Che trout aud bacrn Gf tue erystal (neyative 


f 


electrode ui thre iblumitated side). imis initial condition 
sein the stage for the biildup end decay of tue internal k- 
fields. Second, illumination of the crystal causes the 
votublishwent ol che transverse Lields. ‘Tne buildup and 
decay of these fields can be deseribed in a series of fEuur 
Lady toe 

fa Scape Po the ineirdent Liyhe, with photon enerpy 
sariiedent (-. 2.0 ev) to cacite an eleetron from a donor 
gite, creates an lonized donor-celectron pair at the site of 
excitation, The distance d, currespynds to complete (to 
the T/e point) absorption of tne incident Light where d, 
» «7! and @ ig the eveffieient of absurption for the 
ineident Light. Stupe 2 is the separation of charge as the 
eleetoon drifts jtuto the bulk of the erystal due to the 
exteruad E-tield, a and the ioniged donor remains trap- 
ped al the excitation site creatiny a net pusitive Lonic 
bate Mii Se eae PCa al Sn aS Chav Ves Che 
Lritppdigs atid rohedse Of Che proto lLectrvons bv shallow traps 
which secreases Ube ellective mobility aud cheostes a teas 


LLVe tonic Space Charge wreain tire balk oot tie crystal 
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Pig. Tl. Lonsyitudinal Eleecric Fields in BSO for Various 
Levels of Recording Lignt (fixed A} (9:165) 

Soviebl eusperluentation) within the crystal for several 
levels ot recording Lighct expusure is shown in Figure 11. 
The reyion where the E-~rield mapnitude dips to its lowest 
Value to Calle! a “bortheneck" (8:30). Since the velocity 
GL Chie protoclectrous im ive conductioa Land is the product 
vk the elecirte cield and tie electron mobility, tne effec- 
tive velocity oi che electrons decreases in the cegivn of 
the dip. ‘inie decrease iu velocity vesults ia the trappiny 
vt virtually all of the pnotuvelectrons in the vicinity of 
Lie DOCK LenceK aud tire Cocmation of a neyative onic spuce 
charge in the region beyond the bottleneck, As more photo- 
electrous are venerated, the field mininui will move toward 
the ibLluminated ucpeative electrode because the positive 


charpye density wear the cleetrode continues Co increase 


(disreparding saturation) (9:105). 

‘Lue eharye distribution created by tie Lucideut photons 
Ls Lrealed at Ga point ia the ubove analysis. Li the illum- 
tnation of the surbace vi tlie device is inhonepyeneous of 
spatlally modulated Can imaye), tne the longitudinal field 
distrivuthlon aed space charye density will be diflerent at 
each point dependias on Che spatial intensity varlalion of 
the recording Light. Tne spatial variation in the space 
Cuarge density Penerates transverse rields. VYhis transverse 
vield causes modulation of a readout beam due to the trans- 
verse vockels effect. tKeyion 3 corresponds to 4a uon- 
tllutarnated section vf crystal surfuce. The net electric 
Livlds between Repious 1 and 3, and 2@ and 4 duriiug Stage 3 


are shown by the solid arrows. 


stage 4 of the internal field process involves the 


decay of the ducernal fields aud tuerefore is the heart of 
tiie clyiamic image selection effect. (6 at this poine, the 
recorcdiuy Liput is switched volt, diffusion aud drift due to 
Lhe uon-unitorm charge distribution will reduce the assyue- 
try in the Longicudinal fields effectively erasing the re- 
corded Loput pattern. Lk che recording Light is not switch- 
ed olt, dittusion and deife of electrons in the bend ros 
Keplons |ots 3, and 2 to 4 will tend to equalize tue Ciurge 
ditherential vetween tne illuminated and nonilluiainated 

Pep lous. A more prowinent driver of this equaiizatlon is 
the excess Of carriers avVailavle in the conduction band froww 


continued photoproduction and Crem the dack current, The 


-—- = be + LS 


a) 5 LO 


Modulubion brequency, Hz 


Pig. 12. Ditreuction Efriciency of Soviet PRIZ vs Temporal 
and Spatial Frequency (30:165) 
result of the charge homegenization process is to cause the 
electrooptically produced timage to fude with time. The 
Lading, Or erasure of the inpuc image is faster if the 
recurJdiny, Liphet is lect on than when it is turned off (for 
ohork weble-in cimes), due to erdsure by the write beam. 
the spatial aid telwporal performance of the PRIZ is 
quantited by the Soviets end other researchers by measuriuy 


thediflrastion erficrency of the device. The diffraction 
efiiocieney is derined as the peceentuge of dnetdent cead 
Liyat iatenstty dirtracted into either of the rirst order 
débats Caebl bothy by a sinusGidal indea piracing written Lalu 
tire PREE device (31:87). An ecaxauple of the dependence of 
dittvraction eiticicnacy in the current-conducting PRIZ on 
wpatiat and Compocal crequencies is shown ia Fiyure 12. The 


Cuive Pepresesting Cae tapher spatial peequeicy, labeled 
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Poy, shows a lower peak difkraction efficiency. This 
pesk veeurs al a lower temporal frequency as well, and 
denoustPates the ebserved relation between sputial and cvem- 
a poral ECrequenceies with reyvards to device perfortiance. 

The tinal result ot parameters discussed above is best 
deseriped by an example. Lf aa image consisting of a spot 
he we Le POM nee he deve, Che outnie will cene lator dn 
edyerenbunced verslon of tie inpuc soot. Fipuce 13 is a 
digyvait Of What is actually seen with the darkest areas 
eolrbespondiuy ty the wost Llipht output (like a photoyraphic 
Negadive). lie oimtbar wainer, uny couplex image vill nave 
ao brloaht band of Laipht associated with any edye between the 
higuit aod dark aretis. Any howugeneously Light or dark 


beg lotus of Che titput image will not be reproduced in the. 


vulpul (eeco suppression). This rmaype will tade to nouvisl- 


bilivy within 1-2 seconds. The Clue ier Che lmaye to fade 


to mouvisibilrey was observed qbut noc Guantifled) to be 
vepeddeuit on Che lutensity ob the werie Light and waynitude 
of the lLousitudiual f-fiedd. li the write-in imaye is 
weved, the cdyes of the outpuc bause will show an inereused 
bragituess ao Lue Wribe-lo Liege is moved. The magnitude o1 
tne Lapiit output ts dependent on the speed, spatial trequen- 
ey, aud write bean intensicy. ‘The observed result with a 


WOoVviNne lidave bs Chet it can be spatially tracked by the 


bactedsed Liyuwt vutput ulong, the direction of wovement. 


LIL, bape riven t 


iaterial Charc¢leristies Lavestipatron 

Tne purpose oi: the walerial (bSU) characteristics 
investisation was tc determine Che similarities und dittrer- 
Chees belbdeco the bSU samples used in this experiment: and 
(he BSuU used an olfter materlal studies. ‘the peowrl of bSYU 
crystals vy tne Cyuchraleki wethod is considered to be ar 
art valler thao a scieace. Each boule is different. Since 
Like eptival properties of the material deterivine the percfor- 
ihotice: Of the tinished device, it is imperative to investi- 
gale cach sawple to be able to predice the pertoermance vt 
Lim Liaasned device. Ultamately a correlation Letween the 
Liupurity energy levels and densitices, optical properties, 
aud perforinance OL the current-conducting VRIZ will Lead Lo 
a telieble theoretical model of its uperation. ‘Tne specific 
weterial echuracteristics investigated in this study are 
eotacaib activity, dex vf refraction, absorption coelti- 
Slenits, asad couductivity. The experinental results are 


1 


Cunipared Co Ageriean published Ligures for BS. 


Opticak Activity. 

Eiperiinecttal appurdtus. The equipihent arrangenent 
boi Che ateasucamwcnt of Optical activity is shown in Figure 
bs. ‘Tue Laser source (Spectra Phystes 120 Arypen Lon or 
opectra Physic 145A tlelium Weon) is vertically polurized and 


cue erystal, analyser, and redlometer probe (hoaG 450) are 


adlomebler 
Prote 


ot 


Laster Souires Gr yet Aualyzer 3 


See. arama 


Misys. be. Optical Activity Measurement Apparatus 


Hurosh Co the Laser beam propagstiron. The analyzer is 
motthiead tuo a calibtated cotatiny ving. 

haperlmental Proccdure. With the erystal absent 
ar Wr a et Ue a path, Lhe analy ver Ls roteted tu ory Lder vi 
mld eke Peadieg om tie Cadpomecer. The ceoystai ls then 
ilabesh 4 eb bhi he hin ertet Sod Che ati le cer Pat dle Ty SC eve 
e tb ahwtun radbenteble o Veadans. ‘tie waghitade and divectiou 


ot Pbbe auaa “Zeer Potatiben yslve. te opticul actavil yo pavatie- 


eet ee 
Resaits AUG Compar tl oole. bSU eshibits dacotlacbive 
eotdedd voebuty Jdicpertsbtoo. Fiyure 15 shews tae values ob- 


tabied tur the Ceotud samples and wavelcinrths versus values 
eSlaised by oliter experlmweacers with American pyrrown material 
toa we nee The tested crystals ald chowed meyative sehoe, 


biter beth pos tlive aud negathve opttecl activity cry- 
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“her Vinita Giliera wltpal Ls parsed fives at Parisonde awe 
osOU VOR Pia} fer vecorduny bo oa Paaaoenie Video monbktur 
25) tor view. A Tentroarbes (Yue Gocilioscope [20] with 
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(2) ds eGees sary: LO Tedice Whe: irradiance “Ff the laser toca 


Level that will not dana 
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e Lhe erystal. The lodem spatial 
ridter and bea expander [35] provide a colliinated beam ai 


ite binapger plane taf. Yue shuncer [5] provides a way co 


contol whea the write beam is on the crystal. The trens- 
pareney of pinhole lLoexnted at the image plune is imaped 
Curough the 19,5 em Leas [7] onto the crystal surface. ‘ihe 
witrur [oj canbe calted in two anes co allow movement of 
Cine Lage over the crystalk surface. 

The cead beam path starts with the Spectra Physics 125A 
Heliarm Neo lasec [10]. the quarter-wave plate [11] con- 
Verts the linearly polarized tieNe beam to circular polar- 
bedtlon. Cireular polarization rather than linear polariza- 
Llon lo Used for device ceadout to preclude directional 
laitertoy of the input iitage. Directional filtering is 
discussed ln the next section. The prism [12] uses total 
bikeiual rerlection to turu the peau tnrough a 90 deyree 
aligbe and wabitala good bea quality. The ND #U.5 
rilter [T3) is placed tu reduce che intensity of the read 
beats Ihe aperture [16] a5 placed Co help eliminate seat- 
tered Liyht Lrow Cie petsm, quatler-wave plute, and ND 
tilcec while the shutter [15}) controls the on-tiwe of the 
read Veam. ‘The Jodon [lu] tilters and colliimates the Laser 
beam. Poe aperture [1/7}) provides a metnud of contrulling 
the spol sige of the cead beam on the ecystal as well as 


Juserkuy the Oeaw is nermwal to the crystal surtrace. ‘The 
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Device 


aid poolectlion reou the taundling, wad operating stresses of 


esperimention. BPipure ?’2 shows a cuupleted current- 


wenducting PRA device. Details on the wouatrag procedure 


afte Louad in Appendi« b. 


Device Ferrorwance investipation 


Bynuiie Lmave Seleceiou. Tae theory 
ol dyitainbe imaye Selection was cuvered iti 
back ot published material on an Atiericaun 


Uytrawic Linkage selection is pugzling since 


this eaperLriaent conclusively demonstrate 


and wanilestation 
Chupter LL. Pae 

devieou exhibiting 
the results of 


the elfrece. 


Képerviwental Apparavus., The experimental apnara- 


tus Used Cu lLovestiyale bLhis parameter ts 
thece ave two malo beau paths, wrice 
it tiris experiment. The write dpeam path 


Wee ra Vays Les Vitae bh on, Laskar Ig < 
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shown in Figure 23. 


and Wead, involved 


starts with the 
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Transpacent Chroma Rear Surface Electrode 


biv. 21. mdbectroue Pattern Deposited on SO Crystal 


electrode application was chosen. 

The electrode material chosen was chromiun. There were 
LWo Veusuns why this material was chosen rather than those 
used by the Soviets. tirsct, platiaumn and indium oxide were 
nol avaihable ba surkreient guanticy. Second, chromiun 
Vee tea Merpow ted Co teave pouu adherugnce to bSO (95:233) as well 


an haviig goud cunductivity aud transmissivity Lit very thin 


IKlectvode Deposition. The 386 erystals are [| cu 
equare. to provade fec ou large active area and yet vrevenc 
shurhs between the top and bo vtom eleetrodes, a 6 wm strip 
was Usposited on cach side of the crystal, The pattern is 
brdicgaced an Figere 21. 

weLabds on Qe depusition procesaure and vacuuin chaviber 
ares uVatladbe Loa Appendix A, 

Device fiounciog. ‘Phe BSO crystal iss suall and frapile. 


beerebove ao mountlogs, was desipnied to allow eusy positiontuy 


i= 6b rm->] 7 


,® 


ee mam ios =k 2 +) - - . 
tates. he electrodes Ganot weet three tala criteria: 
1. ‘Prausparedc 
2. Conductive 
3.0 Good ddllerence CO Crystal 
Tw Caudidates meet Cheese erileria, bLlyaid cleetvodes and 


thea wetal cleetiodes. Because of the need bors weud current 
conduction, only strony electrolytes (33:2l0) were censid- 
eced tor the Liqeid electrodes. The two cleetrodyles teste 
were plosphocie atid and sodiua chuierige solucion. These 
Liquid uloctrudes pouved Lo be ugastataude fer several rea- 
Solid. ood Cheeirode salutivoa el U.o0 phosphorite acid, wicn a 
eouduclivity of 5.9 wuhofem caused elohing of the crystal 
after JU minules. This etching changed a niyoaly polished 
Gryotal surtace Gace one resembling pround glass. The other 
selulion was ulnsuiCauble because its cunductivity chanped 
wiiit (liec. Ulilec direct carrene, the sodium and chloride 
Lous ikhierate bo Lhe Gnode and cathode surfaces Of the cir- 
euit (39:82). Unis action ereares a@ faheatn' of ions and 
Whe Lested experimentally caused a feduction in the Liquid 
Cuidiccrvilys Gy a Factor OF elpne., The Final reason these 
eleetrvodeso were rejected was thut they flow and evaporate. 
Metal elesteodes are utehilv conductive and nonilowiny. 
tne Sovied devices were fabricated with platinum oc tadiun 
valde clectrodes, that were deposited by vacuum evaporation 
er Spalleriiof. A vacitue Chamber was avallable with support 


ceqnipmendt lor evaporation deposition, so Chis method of 


leabcatboa at Poum Vewpoeracure) demor conmceutvation Chan 


that Of otter BSO ingter ial. 


bev Cine i Vae. Lots 

Leshan Ucisiderations. ‘The primary consideration in 
Cie Swastruction of the curtrent-conducting PRIA, was to make 
a Atberiean divice as sinclar as possible to the Soviet 
device. ‘Ihe Constraints involved in tnis process were 
tarst, the Limited cutetruction details evailable ia the 
veviet Literiture, and second, the experimental and con- 
elructiuil equipment available. The Soviet construction 
petdweCers are discussed ino Chaptec 1. 

bod Crystal. ‘the crystals to be used were supplicd by 
orystol Technology or Palo Alto, California, with the fol- 
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Qpiical Quality 


Taree erysteals of the (lt}) cut were ordered. ‘The 
viyulal coh seébéwted Por use Lin this ens. timent wis: the 
CP1E) cut beeaine of its repocted suitability fur iteaye 
processlup Pb: sso). 

Kleetvude Selection. The electrudes used co impress 


thie Lotgtiteedinal tefiedd ou the PRLA were of critical litoor= 
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Supply Voltage [xV) 
Dark Current 


fis. 2U. Current vs Voltage Response vb 050 Suaple 


due tO Capacitance in the erystal and input Lines had damped 
(ul. 

Results and Comparison. ‘the device shuwed an 
olunic current response trou TO volts to 2000 volts. Fiyure 
#0 shows Che cucrent versus voltape characteristiles of tile 
deviee. The slope of the graph as well as the physical 
ditiguobotis of the avtive anea of the erystal, 6 wih so Tm & 
Ue s0 limb, vives a conductivity of 34.42 X iu7le olin”! can! 


“his varies significantly From the published conductivity of 


Sd jae a. env! (2:493). Vhis variation is 


, 
ae pete weal ob oe atte a ee ee her: sa Low Ge id eet thera 
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Vurtenl tChrvugh the PREZ do oa requirement of the dynamic 
payee oeleebiodi beatare. Tie Gaueunt of curcent couducied 
Gade bine Qaybh fheitd ClueuG tv feuy conditions of tire current - 
Conductiins PRLS gives Lapartedtt waboraation on the doner 
CONSUL Tab LO near Loe conmduckiouw besd. The donuc levels 
and densitacc drive one pivoteal properties of che oryscals 
aad Chereboee cae perboruahee wt che FRLZ device. 

Papeciiest el Apparatus. The exsperluental apparacus 
used to Measure Che dark conductivity of BSO is shown in 
Piguce V9. lhe picudmieter was a nelthley 417 with a comoce 
auolitier. ‘the auplatier was Located close to the erystal 
oJ the lead Leasths were oltore, and henee resistances and 
pabastoie Capacitauces Were kept to a minimum. aA Keitinley 
“au tigh Vobtiape Supply provided direct current to che 
etyotul. The oseillesecope provided a wethod tu view the 
transient current response of the device, The resistor 
ated as a current Liwites to protect bech the crystai and 
Che picoumuaeter. Measurements were Caken with tre cryscal 
au Lie dark Co eltminate the phoctoeonductivity coutribution, 
The rouil Celupetatube Was approxdiwately 22 deprees Centiurade 
dbthoupgh no peoovisloa was wade to centrol or investipzate 
hathss Datcimeoer. 

Laperiiental Proceuure. the yvoltape was set on 
the power supphy and Che curvent read drow Che plooamueter 


dial. A one tibaute wait was observed between vueltage appli- 


cation and dala teadboar. ais walt dtsosred taat trans Lents 
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HVbe rower Sapply PLloGammeler Oscilluscope 


Lerk CondGdetivity Measuredent: Apparatus 


Level to Mesusecated with £ silicon yvaewney. in the crystal 


bavbbee. because Che puolished and iu-house measurements 


ive eGUde. al 2.00 eV, the donor energy level and density are 


considered to oe chaructechstic of boo. The Large 
diivervencve between the pubtiisned aud in-house iteasurements 
betwee 2.649 CV and 2.60 eV is assumed co be due to 

Uitte fene Liveisy des leiles af donerg /iipurities. 


itis dlvacadewments Ceased al DIGS A so aus DetCween the 


Soe dere beta be em 2.40 eV ois gut otown.  becattue the 2.40 
UVLO 2.00 vw rabye 25 quite narcow (whea compared to the 
ciety aid dha aa Ot DSO, Fipure sy, the Varlatlol of 


ausetpbbom Cucltleiebts trou publish biyures as tol 


Considered stbhonrunik. 


Couductivity. Bod ts an semi-insulator material 
Devaliee ob Lis wide bandpyap and deep donor Levels. However, 


(iucussel tu Chapter Li, tle conduction wt a -direect 


31 


Bae Maas 


¥ 


1i/ern! 


| 
| 
| 


Absorption Coeff. 


ee en nee ee es 


‘duo 505 


Wavelength (ial 
lha-- House + Published 


Fig. 13. Aosorpttion Cociiicient (Ca) vs Wavelength (4) for 


boo - vrublished ¢(34:16/3) and Measured Results 


| 


@ ols kKuown as the ubsurpCiun coet@icienc in cw”! where ¢ 

is the tneckoess ta Centitieters. with all the other factors 
Causing atlenuation ot cite beam accounted fuc, the absorp- 
tion cocklicitent cait be caleulated from the esperimental 
data. 

A compariscu of these results and those published tor 
poo are shown iu Papgrve 16. Vhe waveleoyths avallable frou 
hae Lipbl nouree were Limited to the ait lilacs of the 
acvon-Lon laser. ‘tne data shows that the absorption 


coebtbtbpeiendts for Che tCested weterial mateh avo+/o5 A which 


corresponds co the 2.60 eV donor level in bSu. The douce 
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Ris. 7. Absurot lon Coellicicut Heasurveuent Apparatus 


abeourplilve wedia, aid another reflection dpetrere veiny mea- 
sured. 

‘eo The amount of Ligat cellected from the Cirse surface 
wan Cwuputed using the Fresael formula bor ceflection of 
lipkt polarized parallel to the plane vf incidence (10:75). 
The acuount Of Liyht rcegiested trom the second interface 
poavelved polartiegaidon Ceaiponents Goth parallel and perpendi- 
ethar tu the plane of ineidence because of Che optical 
ACEI ACY sol VET a Ld 5 

Vhe abserption ob woergy dm the wedlutm ean be modeled 
ay aD exponential decay of the tneident Lateneity 1, 


(lo:65). 
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CUgatTs? A Ocoee SL: CUO i Ua Pee belie ae PL Pliuinate abbeor 
PO thas bee choved tori caibabbhe CO be Ca lute, Tae ofighi 


Petiiaeets tipi. eae bes: tat ies Lael aes, ata tack dead a 
eplical Wemeory arou he edeerenihanced seuetious Of the tmaye. 
Ue Sell, aitahivertiek” wesw Seba sie eer Tal Ee. 2 agetaeate has 
beaphtest porthoim Gl tie inawe fs tue leading edow. ‘Lie 

UP ins alien oes: Wal. pois Wel aiiiel Sar Behe bis 
a Cty temas BY: take Ta Leyes ad ie bese dt Le areal 


a photogriph of the tiayed lettering is shown in Fiyure 


ay Wiitbe Wipe Uy have the: deview repredicr iba of che 
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‘CORE LL" iiage. Phe plotepraph was taken appooximutely 0.3 
wewotids ai ler wiile-beawd tura-ce., De patPeri: aad cowplete= 
Ly disappeared by two secomis., Movement of this pattern 
Cwivwesk Inieteaoud Lisi watpuc along the wove al Crack. but 

ioe PEsOlvar lef ws. Lecedrec: prebably duc fo 
plisthtbivhent device Spatiad icoutullon. 

Yhe device delioalery chews ait dacressed Light output 
eouGchated wilt tine edges Ob au Lapat bivdges bromocion. No 
eubpeo OseeNo whe bie Linuge ib Slationary Lor proater than 
Ote Setatidy) THdeed Dab ulearwutions ate characteris tLe of 
Uae bude e Ce bach aiid ee Leslee eis lWicced Prout 


ol the ekbeet. 


Directional Filteving. Directional filleriny refers to 
che suppression of image intocwatton that is oriented in a 
particular direction. The etfect occurs in all versious of 
the PREY when lineacly polarized Lignt is used tor device 
Ceanfuuc. ihe Pilterced direction is dependent upon the 
ericatlacion of tie read beam veecor and che eigenvectors of 

i 

ine index edlipsuid., ‘the internal transverse field ,' 
eopeciated with an edge (boundary between a Liyht aad dackn 
aad). 2 Re UP Beene: bahar ath Le be PL ted orn al. Do iat 
wade. AS tadaente:! in Chapters Ll, the eigenvectors Gr the 
inde. @lbipsoid are dependent om the direct iow of the trans- 


vetoe bLivld. Papure 9 ibbustrates tiis tuct. When the 


Vostbor of tle Yeadout Liyht et, def iieed Ly elie ayy be 


Y 


at i] 


be pitalleL boi wh te pre panel bom -elprrnvectors,, 


oe 


oils that solution wilh be excited. Since Liyht cutput in 
baie contiviracbon ls dependence upen a phase Cheage between 
lwo Coupons and the aaqalycer, the end result is Chat aia 
tive oflentiedl horned tothe cpautially fibvered airectiin 
will Got be reproduced. 

Paxperdmental apperatus and Procedure. ‘the appu- 
Sabie Lot Chis acperinent. Was alencical to Pipure Zs dacept 
Luat Che quatter-wave plate [11] was replaced py a half-wave 
plate, amd Che quarCec-wave place [ly] Was reaoved. The 
boabt-wave piue abivuws sebsetion of the polarization direc- 
Cae ook Cte Vvead Laser whLren, Lor tnis caperhaent, Wee 
vetlical. ‘dhe removal of the quaclter-wauve places from the 
Pead pean path cuuses the pvead Co reluaiu Lineacly pularized. 
Liar ed Polen wel or 1S heute tor Che PRig Ce-exnr bie 
didvgeckional iiltertos., The analyzec is urtented horizgontal- 
iy fyb 9 GOs rare optical aclivily) CO suppress the 
noedaoteriabed oortioas ob tie read beat. The input image [+] 


Dlattoloe., tntebsities ot the acyon ton aud Helle 


Welder Whe RY bad i 


we bie aad Pead Deams Were see ac $ou panei when the 

wedle ted platter was opeacd, an edye-enhaaced, 
divectionabdy tilegred version of the pinhole appeared uad 
boieth foacded Gn about ad secund., This iauese wae recorded ca 
bie Jit ond the corbentation of Une crystal recorded. Subse- 
iia aleati: pelpis <iere Caikew DY Pulating Che crystal coan- 
hor Shoe hadee aie tinal Cie ea or Lathe. propagation and: re- 


peabiiag oie wWwrate-ha and VOR recording sleeps. The elect of 


petubitg the eryoual Wap Ce votste the vector ba! wi hte 
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Read Beata Angle (G4 "') 
Fie. 26. Filtered bircetivoas vs Kead Beam Orientation 


cead bean clockwise withrespect to the crystal. 

Results aud Comparison. The riltered directions 
measured for livhi iacident on the negative electrode agrees 
Wwhtlh the theory. FPiyure 28 shows experimentally measured 
Vetous theoretical values of the Liltered direction for 
Vales rolalion angies of tbe read beam vector. Suviet 
Yesearchers posluiLale that the electrooptically active area 
or the cuevent-conducting PrlZ is located near the neyacive 
electrode (25:too}. Since diceetional filtering is depen- 
dent upon the read beam vector being parallel to one of the 


electveeturs, Lhe apparent ciltered direction wili shite 
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Pts ewe OY ay ares arcane Ore cca aage Cringote Laput) 


When the read peat veehew we rotated due to optical HCULVL- 
ihe codon 2th fabs poke eakiws. the tre khrered 

directions oblaioed when Che voltage polarity on the erystal 
Wis PEVEUS so ied eve riok etiessrave ly glaives Clie active 
wri ooh Lia Gee stal ables ge Vole ob ostically “aétive BS0, 
Liwiteby rotating, the tread Gea vector. With Lighe incident 
vi Che positive erectrode, the rilbered sirection shifts an 

ska ha ess Tron theigitive dire rdeyen Cries 
rhako Uppewes to verily Pual toe vloctrooptically 4elive atea 
or the ervetal vobdiae a bocarml near tie nevatitte elec= 


ie ilkes ae Yee Sper LAL ye Pi ese) Sie 7 Seve Ah 


Phyeare 29. hails photoyrapa ds virtually identical to pub- 


’ 


Listivd Soviet resublls uslogy tae same type of input imace 


ror seas, 


Gpotical thetiegy. Optical memory is detined as the 
retention of an opticad cietye publera alte che airite Light 
lias Deen ceimoved. ‘bie ulorage tile of this pattern is 
eepeddeat ou the dieloetric velesatiun Ciwe. la some muter- 
itks, storage Clues ol ap to tye years Wave oeeu reported 
Cia 229). ‘the Leuyeh of optical meniovy in the standard Riz 
Has been previously cotublisued (11:5847) however, the dura- 
thon of the memory bao the currvent-conductivay PRLZ ts net 
mentbooed oa the Literature. Panis expertment was désiyned 
to deletadie under what coudbLtions the device exhibits 
cigoty and, if it does, fur how Lous. 

Usperituental Apparatus. The esperiiencal apparat- 
us is a duplicate of that used Fur the directional filtering 
eaperivenc, Shown dia Fipure 23. Tne write-in image was once 
apjake the 40 ul prahole, and the write Light power delivered 
Wels apprunimale ly 3U0 pW. For this caperiweant, the atoune 
vi checuy delivered to the eryctal was controlted by Opeiii ty, 
the shatter Por 0.5 seconds, corresponding to 790 ys. This 
eherpy level dppeared to create the brightest spot and 
Loipjest=-Lived ruase. The theuife intensity wus set at 100 

2 
frvy, CLE 

Hapeelnental Procedures Ths gssute. that. the charge 
petoern would ook be erased by stray photopeneruted elec- 
tratic, Che osperimental area was aide dark cioupgil FO cos h- 
der tie stray Light neplivible. Previous patterns were 
erased by exposing the crystal tou oa mercury penlivht for one 


Mmtndte cot Chen observinp ua two minuce wait Cor recoitbiua- 


Lion te occur. the power supply aad other cquiptient were 


warnanl ap, stubiliged aud then the voltapye (luau volts) 
vomited wacoss Tie crystal. Arivr waLeriy one minute: Lor 
te Cranusbent currents bo datep out, the write beain was 
puised of to Che device. laine Por optical iemery was 
started act this poiiot fo Check Lor optical inemory, a read 
tight nad co be passed Chrouph the crystal. ‘The read Ligtt 
was Caurued on after tie tlwe being checked had elapsed. Li 
af oulput wis visiole on the TV monitur, the experinent was 
repeated with @ toner wart Clive. ‘The maXiimuin memory tlle 
corresponded Co the last visible patleru, 

A secuiid procedure used to check the del y tiwe Was bo 
tura of the power stpply after che weite-in pulse. When 
Lhe menory time to be checked had elapsed, coth the power 
vupply and the vead beam were turged on situltaiecusly. 

Tne Last procedure used to check the weliory tine Was Lo 
turn che read and wrtte beams on stmultuneously and leave 
the Cead bewit on. The VOR was used to record the decay of 
Lhe Liaye. 

Results and Comparison. The device demoustrates 
eplicilwcuory Lecup te 20 minutes in che dark when the 
power supply is left on. LE the power supply is Curned off 
alter weile-in, the wemory Cime drops to acvund 30 seconds, 
The drenieiie difference in these two Mewory times may be due 


bo turn onfoth transients in the power supply. Another 
j 2 


hypothesis is that excess charse (electrons) is built up at 


tthe disauletor-eleetcode Boundries of the device while direct 


eurcrent i¢ flowing, ‘urueurl ef the power supply alluws the 
whtens Nar, bo vedisttiibucte wtthin che pulk of the device, 
thus ablowdiay srcembinationu and wence crusure of Che situred 
Cudreae puttbert. The iiinitui welocy Clue cecurcved when the 
read bedi Was Lect on was 10 seconds, ‘This tlie was cecord- 
edo at [UuGu veles power supply and 270 pw/ cue read beam 
Loulenosity. The shore mewory Cite Li this procedure is best 
explained by erasure of the pattern by the read beam, For 
Compurison, Soviet PKigd devices (with dielectric layers) 
have Guporled meocy Cimes Of One winute in the dark and 10- 
YO seconds under Lipo (2 iii / Cia) read Lipht intensity 


i}liosga7). the Piet4, thowever, does mot conduct a direct 


v Current. 
di 


additional Gbservatiote 

two additional phedomenon were eucountered during the 
cacrent-conduce lig 2x2 perctormauce analysis. These 
puctuenen were not pursued, but theico existance way be of 
bepertence CoO tubure diuvestizators. The tirst poenomenon 
chnevguntered was Laser induced dawape tu the crystal and to 
the Chrouium electrodes. ‘The second phenomenou was an 
oscillation on the Liygot output brow the device that was 
actulipaiibed by vserllation of the current conducted through 
(lie skevblcoe. 

Ietser tnduced Damage. The BO crystal proved to be 


tear ide ie sugeeuvtamie to damage Lrom the hiyvn trelds 
; H B Bb 
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induced by the Laser liphe. ¥Vagure 30 is a phecosraph of a 

bole thet was loaudvercencly created Chrouyi the face vl the 

ecystabl. Lie Field voltaye was set at 1600 volts, while Che : 
- : - is L i ? j 4° ty aes 

aryou dua beser was sel at 0.5 Wem? Litensity. The hole 

resaubies the coaical fracture pattern caused by «a BB yolny 

fiiteuph a plete glass wiadow. ‘the fracture starts on the ; 


pumibive «letirade with a aaull C2 a.) an diameter) hole 
Phoarbig, oul Goa Sa diamecerc Gait mole. The most 
t> 
probable mechanbom is dielectric Levakdown of tne Bou due to 
be iit currene density caused by Lie Laser and bigh Cield. 
Hish tteld voltages (above 1000 V), and high write-Llignt 
A 


intensities (above by mw/ems>, showkd be av otded to prec lade 


ted .s type Pra Maer Geer ee mi brophic Giahbeaye. 


bive St. haser Induced Damage ba goO Urystat - wlbectrode 
iiivreation 


Mae second interesting anotanee Of Luser induced 


date Lavolved a aiderailos of the chroumiuia ele: code F 
Ge eer er i ho Deh ais ORL ot ds: ek phetepraphoot : 
Lins puter vaused by a “HOknnLEL" Lupat tinayje. ‘The 
darccubny of Che Letters and che dendcitic trails are due to : 
Chiawuitin aidyratlon. ihe mone inbervesting aspyece of this 

wecucrenece Ls thac the pattern is writthen on the back of the 

eryptil.s- The danage vogcurred with: the write Ligh incident 


oh tite Lreont electrode, the front electrode at Nesallve 

peceHtlal, ard the pireld volte. set ar 2ZU00 volts. ‘The 

write Lipht titensity was appresimately 500 pW/ca4 . 
Livit and Curcernt Oscillations. The phase chaise 


biechiced ia a plate: wave propagating through a cucrveut+ 


wesadaedaue, Pb bo de pede oa tbe Low. sb ad oF Ute 
ebaltavVersu Fiedd Cacoupde fae crvseak voldive. Soviet 
VoouatChers thuve badicwced thet sene af Che soaluttoms oa 
iMag intesral ciavactervistbe are oseillutury ii tature. 


Toph oseibbatpes: sheagld te oboetvanle as a tliacker in a 


reproduced Linge CF iS bp. Be OuVeo etperihivecital recules 
Webbe Ocachbed CG swopert tris cuamslusion. (toWwever 
t a ’ 


dwetbieam gludies of a related material, Bry yGcOyy, da 
deseribe aa osetbbetion to tae current conducted through Che 
ealetlabk Chat is depetusat on the omeidenc Light intensity 
caiee cat the electric picid ClhUsEPOs). 

bot bipht uid current oscillations wece observed 
ducdin eapetlacutet Lom woop the current-conduct ing PRIS. 
Pid yao Deh ore Latest ad rate Frow 3 te 10 Me 
were observed with cotrespundiiay curceat oscillatious., The 
carvent occiilbattou occurred two Co Curee orders Of iasati- 
binde bP riow tae otal curcent flow due to dark Current atid 
puolvee Lesh vot. ‘the rate wh the oscillations depended On 
tie dhteasity of the write Ligne, che field vultoge, and the 
{C bike. Por oa seb bubenstty and bield voltage, the 
gocthbaiion started oul ato a rapid pace Quver JU he) and 
thea thie ceased boo gd qaaclotedtdy value.  bnevousing the wrale 
Lipbt ditemorly ot ite treld voltape tended to cies the 
ooeibbationm vate. 


fhe Gboebvations are lia duabivaiive 


vvechete vbti ble SovEru predpoebion.  bowoved, tite Sevlet 


researchers indicate Chat Che oseillattou as welbi deouped, 


eee dan Cartes thie 


eld Cis Wes tet wera lacd by tuts oo; 


op LU ou 2¢hpetied bho wuutiiae Gadd ia dy. 


De 


cr 
Ww 


Fo eee, Saree 


iy. Summary and Kecosmlemialions Lor Furenec Researeh 
DU ake} 


Yue pramary “ia ol bites shidy was Co Const cuce atid 


abadyoeoa Vals spatral Lipit aeastuleter that esaiviced the 


? 


Piers gies, ee bee bh et leet Pe areola aim, 
bute taba aveuues wore todlowed, These avenues were bsg 


mabethodl Laveclivetroa, Cacbenl-Conductioapy PRLA Construec- 
haaniyo. sev bees porate abyss, 

The BSG used tu tudis thesis Vasu Cound to be similar tu 
thai tow by ofter auerclead Ceseearechecs., Lets optical acti- 
Valy cvtat iades of refraction peurturmanece matched published 
Pesuals. The absocpetlon Coertictents aud conductivity wea- 
wines beowever, were dilferent thang published rigures. 
Mie wks EIEN edt at be ibsewd oo: adherens aaspurily 


tia yt Pevelay ail densle aes wilh waned louver abourit ion 


redbickents (vwithniu the vane tested), and tiigherc conmducti- 


tie uobembded device wus similar tu che Suoviee devices 
eave pt Por the elcetrode aateriail and posstoly the mounting 
bechadatle. The chrvmbum elecerudes selected Lor the experi- 
etlal devbce perborcued well aud were relatively easy to 
apoty. ‘Phe uouuting technique way tauve been different, but 
Pot semtot be vedlatled bercaase delabls on the Suviet teeh- 
ree Ok bub bisued. 


thie pL ronice ool Lie oenperinenbal device Tor dymimié 
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Appendix b: hounting Procedures 


The phated BSO erysceal was mounted over an 8 fui Syuare 
hule in a plesipiauss microsccpe slide. This hole was cur to 
keep pleaiylass from interteriny ia the viewiag path. rower 
eupply Luads were attached Co the plesiylass with silver- 
tilled epoxy and jumpered to the crystal electrodes by 
serigvs of aluminum toil. Silver circuic bourd paine was 
used to attach the foil Jumpers to the electrodes on the 
eryotal surface. Tne crystal was held in place on the 
ploealelauss surface by a sinall drop or silver paint between 
the bottom electrode and the plexiglass. This drop of paint 
aise funecicned as the current path for the rear power 
supply jumper. 

tne slide was then attached to a specially fabricated 5- 
anise wicropositioner., Tois micropusitioner allows two 

calitracted translational freedom normal to the 


peu path and three degrees of rotation. This capability 


verults accurace and repeatable crystal positioning. 


Vacuum Chatber Lnioraat lou 
The evapotation Chaoaber used was a Z4-ineh bell jar thac 
Was UVacualed by a wecNauical roughing pump and a ditruaion 


puap with a BPreou-scooled cold trap. The vacuum level in the 


Chamber was aondtored by a thuecwocouple gauge and a Granville- 


Vhillips Rue7oP lon Gauge with divdeb 260 gauge coutreller. 
Power CO the Loungstuna tilawent was coutrolled by a Variac 
connected to a | te o fatio current cranstormer. Gauyes 

were Lustabbed on the secondary side of the current Lrars- 


locmer to wmunitor the input power to the tungsten frlumenct, 


Appendix A: Hleetvode Deposition Mechod and Vacuui 
Chambec Luroruiation 


bleetrode Heposition Method 
Deposition of tine chrouiul electrodes on the b50 crys- 

tal was accomplished by vacuuli evapocation., Sublimation of 
chruimium occucs when it is heated above 1466° Centigrade in 
peessures ot Less than 107? corr (20:1-41). Vor this 
expecimenet, a 0.95 praui Quygzec of 99.999 pure chromium was 
resistively heated im a basket Formed by a helicaily wound, 
olityle strand, tuny,sten filament. ‘The vacuum pressure was 
1u78 corr and the pellec was heated for one minute. 

the clectrode pattern was controlled by asking the 
erystah surface (leaving a 6 tin strip), and placing the tasked 
erystal on a stage bocated 35.2 cm above the chromiun 
woul. 

Several tests, with plass imLeroscope slides as the tar- 
vec substrate, resulted ia chrowium films of 42% 
Lrausuissivity. this wicerre ted trauswissivity tipure was 
optained by mesasurity: the catlo of Uehe Laser Lateasity 


passed by «a plated versus unplated seetion or the slide. 


Toe Cranstassivity tisuce of 42% correspoads to ua film 


Chackoess Gl 37 A (30:2354). 
Yhe opposite Lace of the crystal was plated as shown in 


: 9 
bisgadre 2] to provide a centraul active area of O.30 cine, 
rm t 


Re 


boat, a eacelbeut replacement would be a broad spectra 
ititandescent aid a series of tiavrow band Litters. ‘the 
advantases oF this source wouddg be to provide coutrullable 
biiput inteatoity lia wide seleetion of Wwavelen,cths. 

The final area that could use iuprevemeint is the data 
collection and analysis equipment. Jivesctipation of the 
ienapocel prupecties vol che device requires a huown start aitd 
soap peincd coe events within the experimental proeedure. 
vynenroudzation of tike write-beanm with the recording appara- 
Lus 23 a4 must Lor accurate Cite measurenents., a deskvrop 
cOulpulec, such ds the Zenitu 2-100, with appcupciate inter- 
faclug, Could casily gandle the timing tasks us well as any 


required touitoring, coutrol, and data collection. 


o] 


IO ee Ee 


. 


hopping) Chat wost creavky retleets tie operation of the 
device oveds co be ftortilsted, These uodels would be very 
Valiiable fu predictaay device pecforuuee and possible 
ehilituecehiectils. 

havipaent Consdderableis. Equbypment Limitations duriny 
Wile study ploved a tobe in the exteat aud quality of the 
recorveed dal. fae ochree specitie ereas that need Lisprove- 
Wenk abe the Vie~ewsns uplbico, Lignt seurces, and the data 
collection waiet aquakysis coulpuent. 

poe ViewLas opties Caused the most noticéable provleus 
ey babvestuciig: bucersgerence and aberructon into the tinal 
Lentees bile piriwacy tictnued to alleviate tais preslem would 
feo he usa sitd-refleetion (A/R) coated opties in the read 
Ded path. Another source Of aberration was tne organic 
pelGraser used For tue experiment. A higher quality (cosie- 
tieeliy as well as freoctionally) analyzer would do imuch to 
luiprove the fiiak biuage. A commercially available unit is 
ite Oriel Model 27300 Pilm Linear Polarizer with an A/RK 
coutiag Lor 0328 A. 

the Lipgte sources were Llimiled in two ways, First, the 
Hele luser used tor the read beam produced a poor quality 
Guultimwode, spatially inhomogeneous) beam. ‘fhe use of aper- 
tures and spatial rilcers did not suffice to pet the ideal 
read beam whieh is a plane wave vf unitorm intensicy with 
controllable polavsization. Sevond, the write-Lliyht source 
wArygou Lou laser) was Limited to four primary wavelengths, 


Sbaee Coherence Ls not an Liupurtant factor Lor the write 
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Veosckbts. ‘Lite GoVLeo resdl és ave cvuucne!) La Certs of Che 


dabiraction efficiency wide fortunately is coavenenc and 
loabhenebicadiy datibearle. Yhe experiment couid be confipyured 
Doouteseure Che dititaction eLiiceiency of the device, thus 
proviathup direct comparison with the Soviet results. Grar- 
Lugs Ol Various periods cam be optained with an intecleruu- 
etry abranpesecut white Cernporal characteriscties can be 
bavVesCipacted Corouesh write beam intensity modulation, cliop- 
bia oiod mechaabeal movement. 

Hbvlher urea OF interest is the Cemporal variation of 
the piccocunducctivity and Liyvhet output For pulse and step 
biptits. Phe answees to these questions would provide valu- 
able Lusight into the charye transport mechanism aid optical 
Caister chucacleristie of the device. 

Vheoareticul Development. a model of the aynawie image 
selection eliect bas been published by the Soviets with the 
GavVedt that Ll is an eupirreally based theory (10:19). The 
waaterdial atid perturcmanee studies conducted in this wock and 
cUpyested Eur further research suouid aliow relinemenue of 
Laie Seviet model. 

Ywo primary areas ol theoreticai development are 
needed. First, the tLhrec-dimensional characteristics of the 
Lutechal tilelds poeoerated by the pnuotorervactive effect in 
tue Curcenc-cCouducting exile and the temporal nature of these 


Pdebds should be itivestigated. Second, 4a charge transport 


trode l quost Likely «a combination of band transpore and 


There age Pour poiiary ateas Chat are wortuwhile ina 
tie turther iuvestipyacton oi E50 and tne cCurvent-comducl brig, 


Prius these whkeas abe: 


1. Additicnhat characterizallou of the bSO 
wa CEP Lead 


2.0 Quanhitalive performance wéeasufrencits on Chie 
expectienctal caurrent-conducting PRIA 


S$. ‘tdheocerical work on device operation 
4.0 seuipmenit dpyrvade. 

fiatesial Cuaraclercistics. The parageters of the 650 
used Lao this series of experiments proved to be sliytely 
dilrerent, specittically rn absorptron coefticlents aid con- 
ductivity, thaa nae amealeelal auilyeed by other studies. A 
moce thorowenh duvestigation wl the absorption coetfieients 
woudd allow selection of optinumw Wavelengths and intensities 
for aay operacbonak architecture. A suppested method would 
be Cu uou a broad-spectrum Light sources and narrow band 
Libters to eatend the tethied used in this study. 

Vhs pheCoconductively character botics of the waterial 
wuld provide Llusight tate Che baud structure aad vequired 
pitcusity bevels bor desired Levels of device pertcrimance. 
Alb tceucate method of controlling and Wonitering the juput 
Light intensity is required for poud correlation with the 
results. AS Stseoted weehod would be to use a beamtsplitcer 
ou Utal Cle: bitenuatly could be conlinucusly woaitured. 

Devicew Pertormanee., Specific inrurmation on the 
opabllustouporakl peaooriance oh an amerieun built current- 


couduetitg Peabo is needed to corpure With published Soviet 


pmaye oelectLoa is qualitatively the sate as the Soviecr 
deviecs. ‘The oxperitimatial device perboracd dibrectloral 


fibteriiy ia aceordanee with published theory ang exnibLreed 


4 
optteal memory bao oa tiddiber uf atlierent modus. 

{wo iocerest hoy plbohooeuud encountered ducing experi- 
weitablon, base iidueed dvnagey, aiid Li ytit ead Curent’ 
oscillation were deseribed to provide a cefererte for Uivure 
tivestioulors. 

fie dydamic buage selection pletoudenoad that is the 
fucus Ler this sludy fepresents a Luncctonal capability of 
pebue bmportanea,. The response CoO che time-varying portlLou 
Oe wh fipui liddyye of twG-dghaenslonal data rield reoresents a 
ditteventlathonm of Chat daca Field with Cespect cu time 
(SU: Too). Tals oplical deta processing, operatbhon has uppli- 
vadlions lio osysteis such as Cdadae and missile vuidanee that 
reqauite selecttoum ov enhancement Of a signal £Lrom a constant 
Cited meise backgroud (11:5094).  Murther study Lito the 
areas discussed Gguuve is well gustitied by the potential 
applications. 

The specLlLb lo oojechive of constructing and demonstrat - 
big? ie RLS Chat exmibites dynamic iape seluction was ace 
plished wad suzeoesciens Lor Purther cesearen that will meet 


the qaaitilative need dre covered dia the wext seetroa. 
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~ A PRIZ electrooptic spatial light modulator exhibiting 
dynamic image selection (current-conducting PRIZ) was con- 
structed, demonstrated, and analyzed, 

The current~conducting PRIZ was constructed by vacuuin 
depositing $ransparent chromium electrodes on the large 
faces (1 cm”) of a thin (0.5mm) slice of (111) cut Kismuth 
Silicon Oxide (Bi,,SiO,, or BSO). 

Dynamic imagé selection was demonstrated by writing a 
inoving image into the device with an Argon ion laser and 
observing the image reproduced by a circula:iy polarized 
HeNe laser readout beam, This experiment verifies the 
dynamic image selection effect with a device constructed 
outside of the Soviet Union, an accomplishment not previous- 
ly reported, 

The BSO material was analyzed and found to exhibit 
optical activity and refractive index values similar to 
other American grown material, The conductivity and 
absorption coefficzrents differed significantly from the 
published results, being higher and lower, respectively, 

The experimental device exhibits directional filtering 
in agreement with published theory and also exhibits optical 


inemory times of up to 20 minutes, ~.} ta ymeeyt Sues. Cas, 
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